Objective : Intracranial aneurysms are not common in young age patients. We sought to find the characteristics of the intracranial aneurysms in patients under 20 years of age. Methods : We reviewed 23 consecutive patients ≤20 years of age treated for their intracranial aneurysms during the period from 1995 to 2017. From medical records and imaging studies, we gathered data on age, sex, presentation, associated medical condition, location and characteristics of aneurysms, treatment and clinical outcomes. Results : The patients' ages ranged from 13 months to 20 years (median, 14 years). There were 16 males and seven females (male to female ratio, 2.3 : 1) with 31 aneurysms. Clinical presentations included sudden severe headache in 61%, followed by altered mentality in 17% and seizure in 17%. More than one-fourth patients had specific medical conditions related to the development of the cerebral aneurysms. The majority of aneurysms occurred in the anterior circulation (71%), and were saccular (71%). There were each three patients with false aneurysms (13%) and giant aneurysms (13%), and only one patient with multiple aneurysms (4%). We treated 22 patients : 21 aneurysms with the endovascular methods, three with open surgery, and one with combined treatment. Good functional outcome could be achieved in 86% during the follow-up period. Conclusion : In this series, the young-age patients with intracranial aneurysms were characterized by male predominance, related specific medical conditions, low incidence of multiple aneurysms, high incidence of giant aneurysms and good functional outcome after treatment.
INTRODUCTION
The cerebral aneurysms in children are rare, and account for the frequency of 0.5% to 4.6% in large aneurysm series 27) . Pediatric cerebral aneurysms have different characteristics from adult aneurysms in terms of demographic parameters, aneurysmal size, morphology, location, etiology, and outcome 1, 3, 6, 11, 12, 15, 16, 19, [22] [23] [24] 27, 30, 31, 35) . Nowadays, the detection rate of https://doi.org/10.3340/jkns.2019.0140 cerebral aneurysms has increased because of imaging technique development 12) . In Korea, the incidence of intracranial aneurysms is 52.2/100000, and aneurysms in young age below 30 years account for 2% 20) . Reported case series are rare. This is the second study on the Korean pediatric cerebral aneurysms describing characteristics of patients and aneurysms, treatment outcome 19) .
MATERIALS AND METHODS
This study was approved by the Institutional Review Board of Seoul National University's Hosptial (H-1905-125-1035). We searched patients ≤20 years of an age who were diagnosed as 'aneurysm' between January 1995 and December 2017 from the department database in a tertiary care institution. We retrieved 28 patients. Among them, medical records were missing in two patients. One patient had aneurysm related with the arteriovenous malformation and another two patients had traumatic aneurysms on the superficial temporal artery. Finally, we included 23 patients in this study.
We reviewed the patients' medical records and radiologic data with a focus on the age at diagnosis, age at treatment, presenting symptoms, treatment modality, treatment outcome, and functional status at admission, at discharge and during the follow-up period. All the aneurysms were diagnosed with magnetic resonance (MR) or computed tomography (CT) angiography first and then with digital subtraction angiography. Hunt-Hess and modified Fisher grades were used for patients with ruptured aneurysms 10, 13, 17) . The functional outcomes were assessed by modified Rankin scale (mRS) scores and were divided into three groups : good (mRS score, 0 to 2), significant residual morbidity (mRS score, 3 to 5), and death (mRS score, 6) 4, 29, 34, 36) .
RESULTS
There were 23 patients with 31 aneurysms including 16 males and seven females (male to female ratio, 2.3 : 1) ( Table  1 ). The mean age at diagnosis was 14.4 years (range, 13 months to 20 years), and median age at diagnosis was 14 years (interquartile range, 7 years). Male to female ratio was 4 : 1 in the group of 10 years old or less, and became 2 : 1 in the group of 11 to 20 years old (Fig. 1) . Clinical follow-up period ranged from 1 to 170 months (median, 42 months; mean, 55 months) and imaging follow-up period from 0 to 110 months (median, 37 months; mean, 42 months). The clinical follow-up data were available in all the patients, and the imaging follow-up data in 22 patients (96%).
Associated medical conditions
Six patients had some specific medical conditions related to the intracranial aneurysms. The diagnoses included Kawasaki disease (case 1) 2) , ulcerative colitis (case 8), Sturge-Weber syndrome (case 10), type II microcephalic osteodysplastic primordial dwarfism (MOPD) (case 18), and moyamoya angiopathy (case 23). Moreover, a patient (case 12) has the family history of malignant hyperthermia and ryanodine receptor type 1 (RyR1) gene mutation (Fig. 2) . One patient (case 3) had a developmental delay, but no specific diagnosis of genetic or congenital disorder was made for him. Three patients (cases 19, 20, and 22) had a clear history of head injury, and a 14-year-old boy (case 11) a history of cerebral infarction of undetermined cause. The other 13 patients had no specific medical history. In this series, there was no case of significant infection.
Presentation
There were 11 patients with ruptured aneurysms and 12 with unruptured aneurysms (Table 2) . One patient (case 18) presented with subarachnoid hemorrhage three times resulting from the rupture of three different aneurysms. For the patients with the ruptured aneurysms, Hunt-Hess grade and modified Fisher grades on the initial CT are shown in Table 3 . Four patients (36%) showed intracerebral hemorrhage combined with subarachnoid hemorrhage. The most common presentation in these patients was sudden severe headache (5/11, 45%), followed by altered mentality (4/11, 36%) and seizure (2/11, 18%).
Among 12 patients with the unruptured aneurysms, two presented with seizures : one (case 2) of them had a large thrombosed middle cerebral artery aneurysm, and the other (case 10) had a posterior communicating artery aneurysm. The latter also had a visual field defect related to angiomatous changes in the brain. The other nine patients complained of headache as the initial presentation. Combined with headache, two of nine had vomiting and another two had dizziness.
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Aneurysmal characteristics
The characteristics of the aneurysms (n=31) are presented in Table 4 . In terms of size, there were nine aneurysms in sizes of <3 mm, four of 3-5 mm, six of 5-7 mm, three of 7-10 mm, six of 10-25 mm, and three of >25 mm. Thus, large and giant aneurysms accounted for 29%. There were 22 anterior circulation and nine posterior circulation aneurysms (ratio, 2.4 : 1). There were nine aneurysms at the internal carotid artery, seven at the anterior cerebral artery, and six at the middle cerebral artery in the anterior circulation. In the posterior circulation, three at the posterior cerebral artery, two at the posterior inferior cerebellar artery, two at the distal vertebral artery, one at the basilar trunk, and one at the basilar top. Concerning the morphology, there were 21 saccular aneurysms (including three giant aneurysms), eight fusiform or dissecting aneurysms, and two traumatic false aneurysms. Only one patient (case 18) had multiple aneurysms, who was diagnosed as type II MOPD and had nine aneurysms in total, including four in the anterior cerebral artery and two in the middle cerebral artery.
Treatment
Most of the patients (n=19, 83%) received endovascular treatment : endosaccular coil embolization in 16 aneurysms, endovascular trapping in four and glue embolization using nbutyl cyanoacrylate in one (see Table 1 ). Four patients (cases 9, 12, 15, and 22) underwent stent-assisted coil embolization for three ruptured and an unruptured aneurysms. Combined endovascular and surgical treatment was performed in one patient (case 16) (Fig. 3) . Two patients (cases 1 and 2) underwent surgical clipping for a ruptured and an unruptured middle cerebral artery aneurysms. Our patient with multiple aneurysms (case 18) underwent coil embolization for two ruptured and three unruptured aneurysms and surgical clipping for one ruptured aneurysm. One patient (case 11) with fusiform aneurysm at the basilar top was recommended observation, but was lost to follow up.
Four patients underwent additional treatments due to incomplete results of the previous treatment (see Table 1 ). A 14-year-old boy (case 9) underwent stent-assisted coil embolization due to a ruptured dissecting aneurysm at the P2 segment of the posterior cerebral artery 25) . Because of re-bleeding, endovascular trapping was done. The second patient (case 4) was a 9-year-old boy presenting with a ruptured aneurysm at the bifurcation of the internal carotid artery. During the follow-up period, he needed two additional sessions of coil embolization after 22 and 40 months later for the recurrent aneu- 
Outcome
The mRS scores of patients who underwent treatment were obtained at the time of admission, at discharge and at the last outpatient check-up. Most patients (n=18, 82%) were functionally good at the time of final assessment (see Table 1 ). The clinical outcome is presented according to the age group in Table 5 . The proportion of patients with significant morbidity (mRS scores, 3 to 5) reduced from 32% (7 of 22) at discharge to 9% (2 of 22) at the last follow-up. The mean follow-up in- Values are presented as number (%) terval was 49 months (range, 1 to 170 months). The average mRS score was 2.0 at the time of admission, 1.9 at discharge and 1.1 at the outpatient check-up. The clinical outcome tended to be better in patients with unruptured aneurysms (p=0.090) (Fig. 4) , and in younger patients (under 15 years of age) (p=0.037).
There was one mortality in this series. A 15-year-old boy (case 13) presented with diagnosis of subarachnoid hemorrhage due to a ruptured dissecting aneurysm on basilar artery in November 1995. He suffered from rebleeding and further rebleeding 6 days and 7 days after admission. He underwent endosaccular coil embolization 11 days after admission, but eventually he died 1 month later. There were three morbidity cases. A 12-year-old boy (case 6) with a giant unruptured aneurysm at the distal vertebral artery suffered rupture before appropriate treatment. He discharged with the mRS score of 3. The other two morbidities (case 9 and 16) were related to posttreatment rebleeding as described previously.
The long-term durability of endovascular treatment was good in the majority of patients. Four (cases 4, 5, 9, and 16) of 20 patients required retreatment. The three patients (cases 12, 15, and 22), except for case 9, undergoing stent-assisted coiling demonstrated stable outcome during the follow-up period of average 21 months.
DISCUSSION

Aneurysm as the cause of stroke in young-age patients
In our series of young-age cerebral aneurysms, severe headache was the most common symptom. Seizure accounted for 17%. Seizure is known to be twice frequent in pediatric aneurysm patients than in adults 1, 6, 11, 16, 23) . In children, clinicians should be cautious in its evaluation 11, 15, 26) . In our series, cranial nerve palsy (4%) was less frequent than in other series of pediatric aneurysms (15% to 50%) 12, 16, 23) . It might be caused by the lower rate of large and giant aneurysms in our series (29%) than other series (40%) 19) . In general, intracranial aneurysm is more prevalent among females (1.56 : 1) in Korea 20) . However, male predominance was observed in this series of young-age aneurysms, and the male to female ratio was 2.3 : 1. This was consistent with the previous studies of pediatric aneurysms 11, 12, 16, 23, 24, 31) . Male predominance became less conspicuous in the old children group 1) . In this series, male to female ratio was 4 : 1 in the group of 10 years old or less, and became 2 : 1 in the group of 11 to 20 years old.
Associated medical conditions in young-age aneurysm patients
Smoking, hypertension, excessive alcohol consumption and family history are known risk factors of intracranial aneurysms in general 7, 20) . Children usually do not have such risk factors. In a study, the incidences of cardiovascular diseases, hypercholesterolemia and hypertension were not higher in the pediatric aneurysm patients than in the normal population 22) . Other mechanisms seem to generate an aneurysm in youngage patients, such as genetic influence or other medical comorbidities. Similar to our series, there was a report more than one fourth (28%) pediatric aneurysm patients had medical comorbidities 30) . In this series of young-age aneurysms, six patients (26%) had specific medical conditions, which included Sturge-Weber syndrome, type II MOPD, Kawasaki disease, moyamoya disease, ulcerative colitis, and the family history of RyR1 gene mutation. Sturge-Weber syndrome shows the feature of abnormal capillary venous vessels in the leptomeninges of the brain and choroid 32) . There is a case report of 32-year-old patient with Sturge-Weber syndrome and subarachnoid hemorrhage and two case reports of Sturge-weber syndrome associated with intracerebral hemorrhage (one of them also had autosomal dominant polycystic kidney disease) 8, 28) . In our series, the 14-year-old girl (case 10) with Sturge-Weber syndrome and the posterior communicating artery aneurysm also had hypertension, renal artery stenosis and femoral artery stenosis.
Type II MOPD is a well-established cause of cerebral aneurysms. It causes disorganized mitotic spindles and mis-segregation of chromosomes, and develops cerebrovascular diseases such as moyamoya disease and cerebral aneurysms 5) . Our patient with type II MOPD (case 18) had nine aneurysms and underwent coil embolization for four and surgical clipping for one. Kawasaki disease makes inflammation on the walls of small-and medium-sized arteries throughout the body, and is related to the coronary arterial aneurysm 14, 21) . There have been three case reports of cerebral aneurysms in association with Kawasaki disease, including ours 2, 14, 33) . The pathologic specimen revealed invasion of inflammatory cells supporting Kawasaki disease as the cause of the cerebral aneurysm.
Inflammatory bowel disease has a non-coincidental association with vasculitides, such as Takayasu vasculitis, large-vessel vasculitis, antineutrophil cytoplasmic antibody-associated vasculitis, and cutaneous vasculitis. Further research is needed on the association with intracranial aneurysms. RyR1 gene mutation is the cause of malignant hyperthermia, and is very rare as its prevalence is 1/90000. It is related to the muscular calcium channel, which has a crucial role in vasoconstriction and hemostasis 9, 37) . Family history of malignant hyperthermia and RyR1 gene mutation may be a risk factor of the intracranial aneurysm. There is a study suggesting the relation with aneurysmal subarachnoid hemorrhage 9) . Aside from the specific disease conditions, trauma is one of the most important causes of the young age aneurysms 12) . Traumatic aneurysms accounted for 13% in this series, which is comparable to the proportions in the literature (14% to 39%) 12) .
Aneurysm characteristics in young-age patients
In the pediatric group, there are a higher proportion of aneurysms in the posterior circulation, a higher frequency of giant aneurysms than in adults, and a predilection for the internal carotid artery bifurcation 1, 31) . In this study, the distal internal carotid artery was the most common site (26%). In this series, 13% of the patients presented as having giant aneurysms, which corresponded to rather a lower proportion compared to those reported in the literature (14% to 51%) but was still higher compared to the adult series 1, 11, 12, 23, 27, 31) . There was no infectious aneurysm in our study, different from those in the literature (7% to 15%) 1, 12, 16, 23, 24) .
Treatment and outcome in young-age aneurysm patients
In this series, the majority (83%) of the patients were treated by endovascular means. Among the patients treated with endovascular means in our center, 14% needed additional treatment during the follow-up period. Overall, 82% of those treated demonstrated good functional outcome measured despite half of the patients presented with ruptured aneurysms.
Patients with unruptured aneurysms and younger patients under 15 years of age showed better outcome. Endovascular treatment showed good functional outcome and obliteration rate similar to surgical treatment 1, 12, 23, 24, 31) . Recurrence is a concern because of a long life expectancy and problems related to growth. In a study, the recurrence rate of the endovascular treatment was 14% (mean follow-up period of 5.7 years) 30) . In regard to the stent-assisted treatment, our data showed a good patency of the stented segment and stable aneurysmal occlusion without complication during the follow-up period of average 21 months. A study showed safety of stenting in children except for a procedure-related mortality 35) . The patency of stents was maintained in 80% of patients for 8 to 36 months. Thus, we suggest usage of stent could be the option for complex aneurysm such as giant or dissecting in pediatric patients. In our series, the youngest age of patients undergoing coil embolization and stent-assisted coil embolization was 8 years and 14 years, respectively.
Pediatric aneurysm surgery has shown good obliteration rates of 68% to 94% 16, 18, 22, 30) . In our series, three patients underwent surgical clipping (cases 1, 2, and 18), and a patient bypass surgery (case 16), with good clinical outcomes. The bypass patency seems to be maintained well although there can be concerns related to the physical growth of children 18) . Compared to adult population, pediatric patients have shown good functional status after treatment 6, 11, 12, 16, 19, 23, 24, 27, 30, 31, 35) .
CONCLUSION
As a rare disease in pediatric population, intracranial aneurysm is an on-going studying subject. More than one fourth of patients in our series have the specific medical conditions related to the aneurysm, thus making it important to review carefully the previous medical history in young-age aneurysm patients. The endovascular treatment as the predominant means produced good clinical outcome. In this series, the young-age patients with intracranial aneurysms were characterized by male predominance, low incidence of multiple aneurysms, high incidence of giant aneurysms and good functional outcome after treatment.
